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~�º� �v¿®z-�¦�s�b�Z��j´��©v¯�¶]�®¦°á¾d³Z��¶k°®�ÓÍ
¶º] §ZÀº�¡�°®��Ávº� ²ºº¿±ºc�>Z¤À£®�«¦ztd�¦�Á®±Z]�¶^�Zp¯�Ä¦z]
Ávº³¦°x-��ÓÍ ¶ºº³±Â°��¦«¦�±¦�ª�Zo�²Àd¨��°®º��Â��ª¿v^c�°®º�
±¦�¦º¿ zº· °®��²ºÀd¨��«¦ztdº�¦�ÄZºº·�¿Z¯±¡�±¦�¦¿�z·��v�

�v¿®z-�°¦z¨c�°Z]�¶���ÀZ¯±�Â�Z¯®��S+ z�³�±¦��¿¦z�

¾k¦ztd�¦�²Àd¨��¾³Z°dsZ��\À§zc�¾�°z]
¶ºk°®�ÓÍÍ ÄZºº¯®�±¦��Z·¶³º°³�zd�§Zs�v�°®�ÄzÀ-Á±¦v³¦�Ä¦z]
²ºÀXcÂz��vº�°®�ÄzºÀ-Á±¦vº³¦�Â���ÎÍ��vºº� Á®Z d�¦�®¦z-¾d³Z�
°ººº�´¯�¶ººº] ��ÎÍ��bº�z-�©°ºº� ¾¦vº¬§�³Â°�¶º] Z·¶º³º°³
Z¸ºº³¡�À®¦®�°¦z£�³Â°�±¦��Z·¶³º°³�¦�s�Á®Z¯�v�°®�ÄzÀ-Á±¦v³¦
ÁZ.dºº�®�°®�b�Z��j´��©v¯�¶]�®¦z-¾d³Z��¶k°® ÎÍÍ ÄZ¯®�°®
vººº�°®���ÎÍ��vºººº¿®z-�Á®Z dºº�¦�Äººs bººpc�²§¦ºº�s
Â��$QK\GURJDODFWXURQLF� DFLG� vÀº�¦�¦ººÀ³Â°ºd§ÇZ-Â°vÀ¸³¦
�ÎÔ��Ävºº¿z§�¦¯���ºc�Áv��ÀZÀ]�³Â°�¶]�Àv��Äzd�¦�¶k°®

�v��ÄzÀ-Á±¦v³¦

�¶º�¿Z¤¯�Ä¦zº] Â��vºº� ¿Zl³¦�°¦z¨c Â®�°®�¼º��ÄZ·�¿Z¯±¡
3HFWLQ�� 3XUH� IURP��©Z^§z¯�Ä°Zlc�²Àd¨��°®�Z·�¿Z¯±¡�²¿¦
Z]��&LWUXV��6HUYD�)HLQELRFKHPLFD��+HLGHOEHUJ��1HZ�<RUN

�b�z-�¿Zl³¦�|À³�ÇZ]�Äzd�¦�¶k°®

¾k¦ztd�¦�²Àd¨��Ä®z¨¬°� ´¦ºs�¾�°z]
¾º ¬dt¯��¿¦zº� °®�vº´£�°vº´�#�¶ºº«Z c�±¦�Áv��«¦ztd�¦�²Àd¨�
¾.º³º.#���¿¦zº� ²º¿¦�¶º°·�°®�Â��bº�z-�°¦zºº£ Á®Z d�¦�®°º¯
�vº¿®z-�¶ºº�¿Z¤¯�©Z^§z¯�Ä°Zlc�²Àd¨��Z]�À¡�¾¿¦°Z§�Â��®z¨¬°�
�Í�Ò �Í�Ð �Í�Î��²ºÀd¨���º¬dt¯�ÄZº·b�¬��±¦�°Zº§ ²ºº¿¦�Ä¦z]
bºº�¬��Zºº] z¨ºº� ÄZºº·¾º¬p¯�°®��vº�°®�Ï Â�Î�Ò �Î �Í�Ô
�Ð�Ï�Ð vºººo °®�S+ ®ºÀ�´c�Zº] Â��vº� Á®Z dº�¦�%[ �ÓÕrÍ�Ò
�º�ºc�Ávº� ®Zºl¿¦�¾º«Þ�b«Zººo Â�¿¦º£�Â�¶d¿±º¨�¿Â�bÀ��Â
°®��z.ºº¿®�Äº��±¦��v¿®z-�¾�°z]�°º§x¯�ÄZ·¾º¬p¯�°®�²Àd¨�
Zºº·b�¬��ÀZ°·�°®�°º§x¯�ÄZ·�¿Z¯±¡�|À³�ÎÍ�Ò�ÎÍ ®Âvo�S+
�²ºÀ´#®º· �®ºº� ¶º�«Z�¯�|Àº³ S+ �º¿¦|�¦�zºg¦�Zºc vºº� °¦z¨c
Áv��z§¯�ÄZ·b�¬��ÀZ°·�±¦�Á®Z d�¦�Z]�Á°Z�¦�®°º¯�ÄZ·�¿Z¯±¡
S+ °®��°Çºº¯ Í�ÍÎ��©Z «ºº�z��¿ººÀ³º¯¡�Zº] Á¦zºº°·�²Àd¨��±¦
°®�Á®Zº¯ ²ºº¿¦�zg¦�Zc�b�z-�¿Zl³¦�z¨��ÄZ·¾º¬p¯�°®�Ñ�Ò ®Âvo
°vºº´�#�¶«Z c�²Àd¨����ºc�¾Þ�Â�¶d¿±º¨�¿Â�®Zl¿¦�bÀ À§�®º^¸]

�®®z-�¾�°z]
¶ºº«Z c�±¦�¾k¦ztd�¦�²Àd¨����·Â&��²¿¦�±¦�Äz.¿®��t]�°®
~ºº� ¸º³�Â®�°®��v�°®�Í�Ô Â�Í�Ò �Í�Ð ÄZ·b�¬��°®�°v´�#
�²À´#®·��v��Á®z]�°Z§�¶]�ÐÍ Â�ÏÕ ¦�s�Á®Z¯�v�°®�Z] ÜZ$§
Á®Zº¯ vºº�°®�Z]�¾Z¤cz��b]z��¾�º³�°®�²Àd¨��±¦�Z·b�¬��²À°·
zºº] ²ºººÀd¨��zÀgPºc Â�vº� Á®Z dº�¦�ÓÓ�ÒrÍ�Ò ¾ºº¬p¯�¦º�s

�v¿®z-�¾�°z]�°º§x¯�¾¿¦x��®¦º¯�¿¦º£�Â�¶d¿±º¨�¿Â
ÁZ.d�®�±¦�¶d¿±º¨�¿Â�ÄzÀ-Á±¦v³¦�Ä¦z]�¼º��ÄZ·�¿Z¯±¡�°®
�%URRNILHOG� 9LVFRPHWHU��0RGHO�579� v¬À §Âz]�zd¯º¨�¿Â
®¦z-¾d³Zº� ¶ººk°®�ÏÒrÎ ÄZ¯®�°®�Z·ÄzÀ-Á±¦v³¦�Â��v��Á®Z d�¦
¦¿ºdºº�º]�ÁZ.dºº�®�Zººº] ¿¦ºº£ ÄzºÀ-Á±¦vº³¦��bº�z-�©°ºº�
®¦zº-¾d³Z��¶k°®�ÏÒrÎ ÄZ¯®�°®��%RVWZLFN�&RQVLVWRPHWHU�

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
81

.6
.2

.5
.9

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

pp
.iu

t.a
c.

ir
 o

n 
20

26
-0

6-
13

 ]
 

                             4 / 13

https://dor.isc.ac/dor/20.1001.1.22518517.1381.6.2.5.9
https://jcpp.iut.ac.ir/article-1-26-en.html


¾¿¦x��©Çº�p¯�°®�À¡�®z]°Z§�¾�°z]�Â�v´£�°v´�#�¶«Z c�±¦�²Àd¨��«¦ztd�¦

ÎÏÖ

�ºº¿Z¯±¡�®°º¯�ÄZ·¶³º°³�±¦�\�¨¯�zd¯¾d³Z��ÒÍ ±¦�Á®Z d�¦�Z]�Â
�v��¿Zl³¦

zº] °vº´�#�¶ºº«Z c�±¦�Áv��«¦ztd�¦�²Àd¨��zÀgPc�¾�°z]�Ä¦z]
²ºÀd¨��Zº] À¡�¶º�¿Z¤¯�Â�,º³°�Â�¾¿Zº�#�zº�³�±¦��¾ºº¿¦x��®¦º¯
Â�ÜZº$§�~ºº� ¸º³�Â®�°®�²Àd¨��±¦�v�°®�Í�Ò b�¬���Ä°Zlc
Àºº¯±¡�³Â°�Zº] Â��vº� Á®zº] °Zº§ ¶º] ¾Zºº¤cz��b]z��¸º³�¦¿
²ººº¿¦�°®��vºº¿®z-�¾]Zºº¿±°¦��ÎÏ���7ULDQJOH� 7HVW� ¾¿Zc¶ºº�
Á®Zº¯ ±¦�¶º³º°³�¶º� Ávº´´§�Àººº¯±¡�®¦z�¦�±¦�¦¿�z·�¶]�Z·�¿Z¯±¡
À¦|Àºº¯ ¶]�°v´�#�¶«Z c�²Àd¨��Z¸³¡�±¦�¾¨¿�°®�¶§��v��Á®¦®�¾¿¦x�
Ä°Zºlc�²ººÀd¨��À¦|À¯�²À°·�¶]�z.¿®�¶³º°³�Â®�°®�Â��v�°®�Í�Ò
¦°�Ä¦¶³º°³�Zc�v� ¶d�¦ºs�®¦z�¦�²¿¦�±¦��®º]�Áv��Á®Z d�¦�©Z^§z¯
�®°¦®�©ÂZº c�z.º¿®�¶ºº³º°³�Â®�Z]�,³°�Â�®���Â�z���z�³�±¦�¶§

�v³±Z���t�¯
§ººº#°Z#�°®�ª¿°ºd§Z���¿Z¯±¡�±¦�j¿Zd³�Ä°Z¯¡�ªÀ¬pc�Ä¦z]
±¦�Zº·²À.³ZÀ¯�¶º�¿Z¤¯�Ä¦zº] Â��¾�®Zº�c�ª¯Zºº§ ÄZ·½º¬]�¬z�
�vºº� ÄzÀ-Áz¸]�067$7& ÄzcºÀ�¯Z§�¶¯Z³z]�±¦�Â�²¨³¦®�Àº¯±¡
Zº] j¿Zººd³�Ä°Z¯¡�¾�°z]�|À³�,³°�Â�¾¿Z�#�ÄZ·Àº¯±¡�®°º¯�°®
�ÎÏ ±¦�ªºº¤³�¶º]��À¦°Zº¨°·�Â�zº«±°�Ä°Zº¯¡�¾Âvºk ±¦�Á®Z dº�¦

�b�z-�©°º�
fp]�Â�j¿Zd³

°®��°v´�#�¶«Z c�±¦�²Àd¨��«¦ztd�¦�ÄZ·�¿Z¯±¡�±¦�ª�Zo�j¿Zd³
»Èºººds¦�®ººkÂ�Ávº´·®�ÀZº�³���Î ¾Âvºk��Àº-Zº³º-��¿¦zº�
�®ºº] ²ºÀd¨��«¦ztdº�¦�Á®±Zº] À¦|Àºº¯ z�³�±¦��3�Í�ÍÒ��°¦®¾´�¯
S+ °®�vº�°®�ÏÏ�ÐÒ À¦|Àºº¯ ¶]�²Àd¨��«¦ztd�¦�v�°®�²¿zcÇZ]
°Z¸º# «¦ztdº�¦�ÀZº¯±�Â�®¦z-¾d³Zº� ¶ºk°®�ÖÍ ÄZ¯®�Â�Î z]¦z]
Zºº] ¶ºº�¿Z¤¯�°®�«¦ztdºº�¦�À¦|Àººº¯ ²º¿¦��vº� ª�Zºo b�Zº�
ÀZºº�³�¦°�¾^�Z´¯�Â�ÇZ]�vo��ÐÍ Â�ÎÖ �ÎÕ �Ó��z.¿®�ÄZ·³°¦|-
S+ °®�vº�°®�Ò�ÔÑ À¦|Àºº¯ ¶]�«¦ztd�¦�v�°®�²¿zd°§��v·®¾¯
¦º¿ «¦ztdº�¦�ÀZº¯±�Â�®¦z-¾d³Zºº� ¶k°®�ÕÍ ÄZ¯®�Â�Î�Ò z]¦z]

�v¯¡�b�®�¶]�b�Z�
Â�Z·�¿Z¯±¡�Ä¦z]�°v´�#�¶«Z c�²Àd¨��¾�Z§�°¦v¤¯�vÀ«ºc�Ä¦z]
Ávº� ¾º�°z]��¿¦zº� ±¦�¾º¨¿�¶ºº§ ®º]�±ZÀ³��Äv�]�ÄZ·�·Â&�

§Zºtd³¦��S+ zºº�³ ±¦�¶§�®¦®�ÀZ�³�Î ¾Âvk�j¿Zd³��®®z-�§Ztd³¦
zº�³�±¦��b�¦�Á¦z°·�«¦ztd�¦�zd�À]�°ZÀ�]�Á®±Z]�Z]��Î vo�°®�S+
zc®Zºº¿±�«¦ztd�¦�Á®±Z]�®¦z-¾d³Z��¶k°®�ÖÍ ÄZ¯®�°®�¶#z-��Z¯®
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v·Zºº� ¶³º°³�°®�|¿º�¾d³Z��ÎÐÒ °¦v¤¯�±¦�Â��b�¦�Á®º]�zÀ-®�#
°®�¶º§ bºº�¦�z§¯�ÀZ¿Z���b�¦�ÁvÀ�°�|¿º�¾d³Z��ÏÒÐ ®Âvo�¶]
À®¦®��ºººº¿¦|ºº�¦�Zººº¸´c�²Àd¨��À®Â|�¦�±¦�»v·��ÁºÀ¯�b]z�
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ÎÐÕÎ ÀZd�]Zc���¿Â®�Á°Z°����®���v¬k���¾�À^���]Z´¯�Â�Ä±°ÂZ�§�Àº´��Â�¿º¬�

ÎÐÑ

ÓÓ�ÒrÍ�Ò ~¨¿z]��©Z^§z¯�Ä°Zlc�²Àd¨��Â�°v´�#�¶«Z c�²Àd¨���¬dt¯�ÄZ·b�¬��®z]°Z§�Z]�¾Z¤cz��b]z��¶d¿±º¨�¿Â�©¦zÀÀ�c��Ò °¦®º°³
��b�¦�v·Z��ÄZ·¶³º°³�¶]�¶º]z¯�²Àd¨��z ��b�¬��Â�v´d�·�»Èds¦�À®º]�°¦®¾´�¯�z.³Z¿Z°³�©ÂZ d¯�»Âzo���S+ Ï�Ö�Ð�Î �v�°®

¶«Z c�²Àd¨���¬dt¯�ÄZ·b�¬��Äºdp¯��v�°®�ÓÕrÍ�Ò b�¬��Z]��z¨��ÄZ·¾º¬p¯�°®�¾Þ�®Zl¿¦�bÀ��Â�Â�¶d¿±º¨�¿Â�¶�¿Z¤¯��Ó °¦®º°³
��v´d�·�»Èds¦�À®º]�°¦®¾´�¯�z.³Z¿Z°³�©ÂZ d¯�»Âzo���S+ ÎÍ�ÎÍ�Ò Â�S+ Ð�Ð�Ï��S+ n���Â®�°®�°v´�#

¾º«º�p¯�²ººÀ´#�°®�>Çº�¦�¾Þ�®Zl¿¦�Â��Á®º]�¿¦º£�Â�¶d¿±º¨�¿Â
�b�À³�z�³�v¯

|ºººÀ³�¦¿ºd�º]�ÁZ.d�®�Z]�ÁºÀ¯�b]z��¶]�¶º]z¯�ÄZ·�¿Z¯±¡
²Àd¨��¸º³�Â®���ºc�Áv��®Zl¿¦�¿¦º£�¶�¿Z¤¯�z�³�±¦�Â��v��¿Zl³¦

�v¯¡�b�®�¶]�Z¸³¡�¶d¿±º¨�¿Â�¾�°z]�¶]Z�¯�¾l¿Zd³��°º§x¯

²Àd¨����ºc�¾Þ�®Zl¿¦�¾-&¿Â�z]�ÇZ]�S+ zg¦
±¦�¾º¨¿�¶º§ ®¦®�ÀZº�³��ºº·Â&��²¿¦�°®�Áv��¿Zl³¦�ÄZ·�¿Z¯±¡
vº´£�°vºº´�#�²Àd¨����ºc�¾Þ�®Zl¿¦�bÀ�Zs�b¿º¤c�ÄZ·³Â°

°®�¶¬Xº�¯�²º¿¦��bº�¦�ÇZºº] S+ ±¦�Á®Z d�¦��z¨��ÄZ·¾º¬p¯�°®
®Âvºo S+ °®�Àºº# Â��vºº� ¾�°z]�¾¿ZÀ¬£ S+ �¬dt¯��¿¦z�
S+ zºg¦�Zº] À¡�¶º�¿Z¤¯��vº¿®z-�Áv·Zºº�¯�Äzd¸]�zÀgPc�ÎÍ�Ò�ÎÍ
¾º�°z]�²ºº¿¦�j¿Zd³�¶]�¶º]z¯�Ó °¦®º°³��v��¿Zl³¦�Ð�Ï�Ð ®Âvo
°®�>ÇÂ¦��ÎÍ�Ò�ÎÍ ®Âvººo S+ °®�¶º§ ®ºº�¾¯�¶º�oÈ¯��bº�¦
ÄZº·¾º¬p¯�°®�¶ºd�°�°Zºº§ ¶]�°v´�#�²Àd¨���¬dt¯�ÄZ·b�¬�
�Ð�Ï�Ð ®Âvººººo S+ °®�Zºº·bº�¬��ÀZ°·�Z]�¶�¿Z¤¯�°®��z¨�
Ï Â�Î�Ò b�¬��°®�>ZÀ³Zg�Â��b�¦�Áv¯¡�v¿v��Äzc®Z¿±�¶d¿±º¨�¿Â
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¾¿¦x��©Çº�p¯�°®�À¡�®z]°Z§�¾�°z]�Â�v´£�°v´�#�¶«Z c�±¦�²Àd¨��«¦ztd�¦

ÎÐÒ

ÄZºººº·¾Þ��ÎÍ�Ò�ÎÍ ®Âvººo S+ °®�°vº´�#�²ºÀd¨��vºº�°®
¾ººdo��Ð�Ï�Ð ®Âvo�S+ °®�¶§�¾«Zo�°®��Áv��®Zl¿¦�¾°¨pd�¯
Á®ººº] �À���Áv��®Zl¿¦�¾Þ��°v´�#�²Àd¨��v�°®�Â®�b�¬��°®

�b�¦
¶d¿±º¨ºº�¿Â�®Z¿±��¿¦|�¦�|À³�©Z^§z¯�Ä°Zlc�²Àd¨��®°º¯�°®
S+ Zº] z¨º� ÄZº·¾º¬p¯�°®�¾Þ�®Zººl¿¦�©°v£�v¿v��b¿º¤c�Â
��ºc�¾Þ�®Zl¿¦�¾-&¿Â�b¿º¤c�b¬���v��Áv¿®�ÎÍ�Ò�ÎÍ ®Âvo
Àvº� Á|Àº³º¿�¶ºº] v³¦ºc¾¯�>ÇZ°do¦��Ä®Z¿±�S+ ²À´#�°®�Z·²Àd¨�
vÀºº�¦�¦À³Â°ºd§ÇZ-�ÄZ·¾º¨«º¯�°®�ªÀ�§º]z§�ÄZ·ÁÂz-�ª¯Z§
ªÀ¨º�c�Ä¦zº] zd¸ºº] �¿¦z��®Zl¿¦�Â��²Àd¨��ÄZ·¶d�°�°®�®ºkº¯
¶ºd¨³�²º¿¦�Ä°Â¡®Zº¿ �¶ºd^«¦��vºº�Z]�¶º]z¯�Ä¦¶d�°�²À]�©ÇZ�c¦
°®�ÎÍ�Ò�ÎÍ vºo °®�S+ �¿¦zº� ¶ºº§ b�¦�Ä°Âz��®¸¯�°ZÀ�]
vºÀ«ºc�°®�v¿Z��¾«Â��®°¦v³�¾¬°��®z]°Z§�ÀZ¨¯¦�¾¿¦x��®¦º¯�vÀ«ºc
�®z§�¦vÀ��À¡�Ä¦z]�Ä®z]°Z§�À¦ºd]�¾d�¦v¸]�Â�¾¿Â°¦®�®¦º¯�¾sz]

¦x��,³°�Â�®����z���z]�°v´�#�¶«Z c�²Àd¨��zg¦�¾�°z]
v¿Zº^³�ÀZº¨¯¦�vºo Zºc ¾º¿¦x��®¦ººº¯ vÀ«ºc�°®�¶d�°�°Z§�¶]�²Àd¨�
�®ºº� Z¸º³¡�°®�,º³°�zÀºÀ�c�Â�´Zººs ®���Â�z���±Âz]�\kº¯
¶ºd¨³�²º¿¦�¾º�°z]�¶º] �º·Â&��²ºº¿¦�±¦�Äz.¿®��t]��²¿¦z]Z´]
°®�vº´£�°vº´�#�¶º«Z c�±¦�Ávº� vººÀ«ºc�²Àd¨��Z¿¡�¶§�v��¶ds¦®z�
zºg¦�¾º¿¦x��®¦º¯�,³°�Â�®���Â�z���z]�Ä°Zlc�²Àd¨��Z]�¶�¿Z¤¯

�®°¦x-¾¯�¾�º�p¯
¸ºº³ Â®�°®�¾¿Zc¶º� Àºº¯±¡�³Â°�¶ºº] ¶§��¾�°z]�²¿¦�j¿Zd³
¿Zºl³¦��¾Zº¤cz��b]zº���ÁººÀ¯�b]zº� ¸ººº³ ¦¿�Â�ÜZ$§�~�

�b�¦�Áv¯¡�Ñ Â�Ð ÄZ·¾Âvk�°®��b�z-
ÄZ·¶º³º°³�ÀZºÀ¯��Ávºº´´§�Àº¯±¡�®¦z�¦��Ð ¾Âvk�j¿Zd³�`¿Z��z]
²ºÀd¨��Äººdp¯�ÄZ·¶º³º°³�Â�°vºº´�#�¶«Z c�²Àd¨��Ä¦°¦®�¾¿¦x�
�Àt�c�®���Â�z���z�³�±¦�Ä°¦®¾´�¯�»Èds¦�©Z^§z¯�Ä°Zlc
¶º] °vºº´�#�¶«Z c�²Àd¨��¶§�b -�À¦ºc¾¯��z.¿®�²t��¶]��v³®¦v³

¶ºº�¿Z¤¯�°®��¦x��®���Â�z���°® ¾³¦v´#�zÀÀ�c��v�°®�Í�Ò À¦|À¯
�b�¦�Á®°ÂZÀ³�v¿v��©Z^§z¯�Ä°Zlc�²Àd¨��Z]

v�°®�Í�Ò ®z]°Z§�¶§�v·®¾¯�ÀZ�³�Ñ ¾Âvk�j¿Zd³��²À´#®·
,º³°�zº�³�±¦��ÜZº$§�~º� ¸ºº³ Â®�°®�°vº´�#�¶ºº«Z c�²Àd¨�
®Zºl¿¦�©Zº^§z¯�Ä°Zººlc�²Àd¨��ÄZ·¶³º°³�Z]�Ä°¦®¾´�¯�»Èds¦
�®°¦®�¾´º�Â°�,³°�¶§��¾Z¤cz��b]z��®°º¯�°®�¾«Â��b�¦�Á®z¨³
°®�°¦®¾º´�¯�,º³°�zÀºÀ�c�\ºkº¯�°vº´�#�¶º«Z c�²ººÀd¨��®z]°Z§
À¦ººc¾¯��Â°�²º¿¦�±¦��bº�¦�Ávº� v·Zº� ÄZ·¶º³º°³�Zºº] ¶�¿Z¤¯
�²º�Â°�,º³°�Ä¦°¦®�¾º¿¦x��®¦ºº¯ Â�Z·b]zº� °®�¶ºº§ b�Z¿°®
®¦ººº¯ °®�¾«Â��®°¦x-¾¯�zg¦�,³°�z]�Ävo�Zc�°v´�#�¶«Z c�²Àd¨�
°®�¾º�º�p¯�zÀºÀ�c�ÜZº$§�~º� v´³Zºº¯ zcÁzÀc�,³°�Z]�¾¿¦x�

�v´§¾°³�±Âz]�,³°

ÄzÀ-¶lÀd³
°®�Ávº� ¶W¦°¦�³Â°�Z]��v´£�°v´�#�¶«Z c�±¦�ÄvÀ«ºc�²Àd¨��®z]°Z§
�¿¦zº� °®�©Zº^§z¯�Ä°Zºlc�²ººÀd¨��Z]�¶�¿Z¤¯�°®���·Â&��²¿¦
�ººÀ���¾Þ�®Zl¿¦�À¦ºc�z�³�±¦��¾¿¦x��®¦º¯�°®�¾Þ�®Zl¿¦�¾º°�¯
¶º#z-��|Àº³ ¶d¿±º¨º�¿Â�Â�¿¦ºº£ �ºº¿¦|�¦�¾-&¿Â�¶^´k�±¦��b�¦
®z¨¬°��²¿¦�¾«Â��®°¦®�©Z^§z¯�Ä°Zlc�²Àd¨��±¦�zd°§�Ä®z¨¬°�
¿¦º£�Áv´·®��¿¦|�¦�Á®Z¯�À¦º´��¶]�À¡�±¦�À¦ºd]�¶§�b�·�Ävo�°®
vººo °®��ÜZ$§�~��v´³Z¯�¾¿¦x��®¦º¯�¾sz]�°®�¶d¿±º¨�¿Â�Â

�®z§�Á®Z d�¦��v�°®�Í�Ò

Ä°¦|.�Z��
ÁZ.ºº�³¦®�Â�Ä±°ÂZ�§�Áv¨�³¦® ¾�·Â&��¿zdp¯�²À«ºX�¯�¶À¬§�±¦
²À¯Pºc Â�\º¿º�c�°®�¶º§ ¾º¤³Â°�zdº§®�ÄZº£¡�Á&º¿Â�¶ºº] �±¦zÀ�
¶°·�±¦�Â��v³¦Á®º¯z��b¿Z´��¬z��²¿¦�Ä¦zk¦�©Z³Z¨¯¦�Â�Z·¶´¿|·
²Àº�o�ÄZº£¡�Á&º¿Â�¶º] �¾º¿¦x���¿Zºº´��Â�¿º¬���t]�ÀZ´§°Z§
Ä°Zºº¿ �ººº·Â&���¬dt¯�ÄZ·�t]�Ä¦zk¦�°®�¶§�Ä°Z¿v´ �¦
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ÎÐÕÎ ÀZd�]Zc���¿Â®�Á°Z°����®���v¬k���¾�À^���]Z´¯�Â�Ä±°ÂZ�§�Àº´��Â�¿º¬�

ÎÐÓ

ÁºÀ¯�b]z��¸º³�¦¿�Â�ÜZ$§�~��¸º³�Â®�®���Â�z���z]��v�°®�Í�Ò vo °®��°v´�#�¶«Z c�²Àd¨� zÀgPc��Ð ¾Âvk
¾-&¿Â

¾¿¦x��Á®Z¯�¸º³
Àº¯±¡�°Z°�r�Z��°Z°�

b�°®
°¦®¾´�¯�Ä¦z]�Îb�°®�r�Z��ª£¦vo
D Í�ÍÒ n���°®�»Èds¦�À®º]

°¦®¾´�¯�bÀ��Â
»Èds¦�À®º]

$ ÜZ$§�~�
% ÜZ$§�~�
¾Z¤cz��b]z�

ÑÒ
ÑÒ
ÑÒ

ÎÒ
ÎÎ
ÎÐ

ÏÎ
ÏÎ
ÏÎ

®º^³�°¦®¾´�¯
®º^³�°¦®¾´�¯
®º^³�°¦®¾´�¯

�ÎÓ ±¦�ª¤³�¶]��À¦°Z¨°·�Â�z«±°�Ä°Z¯¡�¾Âvk�²Z�¦z]��Î

ÁºÀ¯�b]z��¸º³�¦¿�Â�ÜZ$§�~��¸º³�Â®�,³°�z]��v�°®�Í�Ò vo�°®��°v´�#�¶«Z c�²Àd¨��zÀgPc��Ñ ¾Âvk
¾-&¿Â

¾¿¦x��Á®Z¯�¸º³
Àº¯±¡�°Z°�r�Z��°Z°�

b�°®
°¦®¾´�¯�Ä¦z] Îb�°®�r�Z��ª£¦vo
D Í�ÍÒ n���°®�»Èds¦�À®º]

°¦®¾´�¯�bÀ��Â
»Èds¦�À®º]

$ ÜZ$§�~�
% ÜZ$§�~�
¾Z¤cz��b]z�

ÑÒ
ÑÒ
ÑÒ

ÎÍ
ÎÐ
ÏÐ

ÏÎ
ÏÎ
ÏÎ

®º^³�°¦®¾´�¯
®º^³�°¦®¾´�¯
®º]�°¦®¾´�¯

�ÎÓ ±¦�ª¤³�¶]��À¦°Z¨°·�Â�z«±°�Ä°Z¯¡�¾Âvk�²Z�¦z]��Î

ÄZº·�·Â&��ÀZ¯±Zº� ¿zdºp¯�²À«ºXºº�¯�±¦�²À´#®·�Â��v³¦Á®z§
zdº§®�Â�ÀZºÀ³¦z°��²v´¸º¯ ÀZº¿Z£¡�>Zºº�º�t¯��¾d�´��Â�¾°¬�

��ºº·Â&��±¦�¾º�t]�Ä¦zºk¦�°®�©v�Zº�¯�z�Zºs ¶º] �©|�Zº]
�®º�¾¯�¾³¦®°v£�Â�z¨�c�¶³Z°À°�

Á®Z d�¦�®°º¯��]Z´¯
�� $UVODQ�� 1�� ������([WUDFWLRQ�RI�SHFWLQ�IURP�VXJDU�EHHW SXOS�DQG�LQWULQVLF�YLVFRVLW\�PROHFXODU�ZHLJKW�UHODWLRQVKLS�RI

SHFWLQ�VROXWLRQV��-��)RRG�6FL��7HFK��0\VRUH�����������������
�� 'H9ULHV��-��$��������'LVWULEXWLRQ�RI�PHWKR[\O�JURXSV�LQ�SHFWLQV��&DUERK\G��3RO\PHUV������������
�� 'UDYLOO�� $��������7KH�SULPDU\�FHOO�ZDOOV�RI�IORZHULQJ�SODQWV��33����������,Q��7KH�%LRFKHPLVWU\�RI�3ODQWV��$FDGHPLF

3UHVV� 1HZ�<RUN�
�� (O�6KDPHL�� =�� DQG� 0�� (O�=RJKEL�� ������ 3URGXFWLRQ� RI� QDWXUDO� FORXGLQJ� DJHQWV� IURP� RUDQJH�DQG�OHPRQ�SHHOV�

1DKUXQJ���������
�� )RJDUW\�� :�� 0�� DQG� 2�� 3�� :DUG�� ������ SHFWLQDVHV DQG� SHFWLF�SRO\VDFFKDULGHV��3������,Q��3URJUHVV�LQ�,QGXVWULDO

0LFURELRORJ\��&KXUFKLOO�3ULYLQJVWRQH��(GLQEXUJK�
�� )R[� *�� ������ 3URFHVV�IRU�UHFRYHU\�RI�SHFWLQ�H[WUDFW�IURP�VXJDU�EHHW�DQG�LWV�XVH��*HUPDQ�)HGHUDO�5HSXEOLF�3DWHQW�

'(��������������&/�
�� +DQJ�� <�� '�� DQG 5�� +��:DOWHU��������7UHDWPHQW�DQG�XWLOL]DWLRQ�RI�DSSOH�SURFHVVLQJ�ZDVWHV��3�������,Q��3URFHVVHG

$SSOH�3URGXFWV��$9,��9DQ�1RVWUDQG��5HLQKROG��1HZ�<RUN�
�� +RGJVRQ�� $�� 6�� DQG� /�� +�� .HUU�� ������ 7URSLFDO�IUXLW�SURGXFWV��33���������,Q��7KH�&KHPLVWU\�DQG�7HFKQRORJ\�RI

3HFWLQ��$FDGHPLF�3UHVV� 1HZ�<RUN�
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¾¿¦x��©Çº�p¯�°®�À¡�®z]°Z§�¾�°z]�Â�v´£�°v´�#�¶«Z c�±¦�²Àd¨��«¦ztd�¦

ÎÐÔ

�� +RHIOHU�� $�� &�� ������ 2WKHU� SHFWLQ� IRRG� SURGXFWV�� 33�� ������� ,Q�� 7KH� &KHPLVWU\� DQG� 7HFKQRORJ\� RI� 3HFWLQ�
$FDGHPLF�3UHVV� 1HZ�<RUN�

��� +RUZLW]�� :�� ������2IILFLDO�0HWKRGV�RI�$QDO\VLV��$VVRFLDWLRQ�RI�2IILFLDO�$QDO\WLFDO�&KHPLVWV����WK HG��3����������
DQG������:DVKLQJWRQ��'�&�

��� -DUYLV��0��&��������$�VXUYH\�RI�SHFWLQ�FRQWHQW�RI�QRQOLJQLILHG�PRQRFRW�FHOO�ZDOOV��3ODQW�3K\VLRO��������������
��� -HOOLQHN��*��������6HQVRU\�(YDOXDWLRQ�RI�)RRG��7KHRU\�DQG�3UDFWLFH��(OOLV�+RUZRRG��(QJODQG�
��� -RQJHQ�� :��0��������,QKLELWRU\�HIIHFW�RI�FKHHVH�DQG�VRPH�IRRG�FRQVWLWXHQWV�RQ�PXWDJHQLFLW\��)RRG�&KHP��7R[LFRO�

������������
��� .DUDSYLFK��1��������3URGXFWLRQ�RI�SHFWLQ�IURP�VXJDU�EHHW SXOS��8665�3DWHQW��68�������������
��� .HOOHU�� -�� ������ &RPPHUFLDOO\�LPSRUWDQW SHFWLQ�VXEVWDQFHV��33�����������,Q��)RRG�+\GURFROORLGV��$9,��:HVWSRUW�

&RQQHFWLFXW�
��� .HUWHV]��=��,��������%HHW SHFWLQ��33�����������,Q��7KH�3HFWLF�6XEVWDQFHV��,QWHUVFLHQFH��1HZ�<RUN�
��� 0F&UHDG\��5��0��������3HFWLQV��33�����������,Q��0HWKRGV�LQ�)RRG�$QDO\VLV� $FDGHPLF�3UHVV� 1HZ�<RUN�
��� 0LFKHO�� )��� -�� )��7KLEDXOW�DQG�&��0HUFLHU��������([WUDFWLRQ�DQG�FKDUDFWHUL]DWLRQ�RI�SHFWLQV�IURP�VXJDU�EHHW�SXOS��-�

)RRG�6FL����������������
��� 3KDWDN�� /��� .�� &�� &KDQJ� DQG�*��%URZQ��������,VRODWLRQ�DQG�FKDUDFWHUL]DWLRQ�RI�SHFWLQ�LQ VXJDU�EHHW�SXOS��-��)RRG

6FL�����������������
��� 3LOJULP��*��:��������-DP� MHOOLHV�DQG�SUHVHUYHV��33���������,Q��7KH�&KHPLVWU\�DQG�7HFKQRORJ\�RI�3HFWLQ��$FDGHPLF

3UHVV� 1HZ�<RUN�
��� 5RPERXWV�� )�� 0�� DQG� -�� )�� 7KLEDXOW�� ������)HUXOR\ODWHG�SHFWLF�VXEVWDQFHV�IURP�VXJDU�EHHW�SXOS��&DUERK\G��5HV�

�������������
��� 5\GHQ�� 3�� DQG� 5�� 5�� 6HOYHQGUDQ��������6WUXFWXUDO�IHDWXUHV�RI�FHOO�ZDOO�SRO\VDFFKDULGHV�RI�SRWDWR��&DUERK\G��5HV�

�������������
��� 7KDNXU��%��5��������&KHPLVWU\�DQG�XVHV�RI�SHFWLQ��&ULWLFDO�5HYLHZV�LQ�)RRG�6FLHQFH�DQG�1XWULWLRQ��������������
��� 7KLEDXOW�� -�� )�� ������ *HODWLRQ� RI� VXJDU� EHHW SHFWLQ� E\� R[LGDWLYH�FRXSOLQJ��33�����������,Q��7KH�&KHPLVWU\�DQG

7HFKQRORJ\�RI�3HFWLQ��$FDGHPLF�3UHVV� 1HZ�<RUN�
��� 7KLEDXOW�� -��)��������&KDUDFWHUL]DWLRQ�DQG�R[LGDWLYH�FURVV�OLQNLQJ�RI�VXJDU�EHHW�SHFWLQV�H[WUDFWHG�IURP�FRVVHWWHV�DQG

SXOSV�XQGHU�GLIIHUHQW�FRQGLWLRQV��&DUERK\G��3RO\P�������������
��� 7KLEDXOW�� -��)��DQG�)��0��5RPERXWV��������(IIHFW�RI�VRPH�R[LGL]LQJ�DJHQWV�DQG�HVSHFLDOO\�DPPRQLXP�SHUVXOIDWH�RQ

VXJDU�EHHW�SHFWLQV��&DUERK\G��5HV� �������������
��� 7RZHO��*��$��DQG�2��&KULVWHQVHQ��������3HFWLQ��3�������,Q��,QGXVWULDO�*XPV��$FDGHPLF�3UHVV� 1HZ�<RUN�
��� 9DQ� %XUHQ�� -�� 3�� ������ )XQFWLRQ� RI� SHFWLQ�LQ�SODQW�WLVVXH�VWUXFWXUH�DQG�ILUPQHVV��33�������,Q��7KH�&KHPLVWU\�DQG

7HFKQRORJ\�RI�3HFWLQ��$FDGHPLF�3UHVV� 1HZ�<RUN�
��� 9HQQLJHUKRW]�� )�� DQG� %�� :DOHV�� ������ &\WRFKHPLFDO� VWXGLHV�RI�SHFWLQ�LQ�HSLGHUPLV�ZLWK�VSHFLILF�FHOO�VHSDUDWLRQ�

3URWRSODVPD���������������
��� 9VHURVVLLNLL��=��������([WUDFWLRQ�RI�VXJDU�EHHW SHFWLQ��3LVKFKHYD\D�3URP\VKOHQQRVW��1R�������������8665�
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